SUMMARY Liver membrane vesicles were prepared from operative liver biopsies from six patient volunteers undergoing abdominal surgery for non-hepatic disease. Neutrophils were extracted from their blood. The liver membrane vesicles were exposed to 1 mmol/l acetaldehyde with or without reduction of the resultant adducts formed. The production of superoxide anion by the neutrophils upon exposure to the liver membrane vesicles prepared from the same patient was assessed by measuring the rate of cytochrome c reduction before and after the addition of superoxide dismutase. Preincubation with acetaldehyde significantly increased superoxide production in response to both the reduced (from 35 5±7-1 nmol 0V105 cells/min to 128±25, mean±SEM, p<O01) and the non-reduced liver cell membranes (from 17 2±4-3 to 81±17, p<0Ol); 1 mmol/l acetaldehyde alone caused no superoxide production. Neutrophil free radical production in response to acetaldehyde altered hepatocyte membranes could be an important mechanism of cellular injury in acute alcoholic hepatitis. 
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Acetaldehyde is the primary metabolite of ethanol. It has been shown to bind non-enzymatically (via the formation of an intermediary Schiff base) to hepatocyte membranes.' This could result in morphological changes, and the generation of new antigenic determinants in the liver cell membrane, both of which have recently been described in response to ethanol,' with evidence in the later that acetaldehyde is responsible.
Neutrophilic infiltration of the liver is a characteristic feature of acute alcoholic hepatitis. stimulate neutrophil superoxide production and degranulation in the rat.s'
The purpose of this study was to investigate the effect of acetaldehyde-altered hepatocyte membranes upon neutrophil superoxide production in man, and the potential relevance of this to hepatocyte injury in acute alcoholic hepatitis.
Methods

PATIENT VOLUNTEERS
Wedge hepatic biopsies were obtained from six patient volunteers who gave informed consent, and whose livers were being exposed during the course of elective surgical treatment of non-hepatic disease. Hospital ethical committee approval was given for the study. All Free radical generation by neutrophils: apotential mechanism ofcellular injury in acute alcoholic hepatitis 1159 reduced and non-reduced acetaldehyde treated membranes in their ability to stimulate neutrophil superoxide production. The reduced control membranes (not exposed to acetaldehyde but exposed to sodium cyanoborohydride) did significantly increase superoxide production when compared with control membranes which had not been reduced (p<O-0l).
Exposure of the neutrophils to 1 mmol/l acetaldehyde alone caused no free radical production.
The response of the neutrophils to PMA which is recognised as a stimulus causing near maximal production of superoxide anion was 232±28 nmol OVI101 cells/min, similar to that reported by other workers. '6 Discussion These experiments show that acetaldehyde altered liver plasma membranes will cause neutrophils to produce superoxide anion. Oxygen derived free radicals are important mediators of inflammation and tissue injury, and are known to be cytotoxic and may therefore cause hepatocyte injury and death.'7 Superoxide is itself cytotoxic, but its generation can also lead to the formation of other highly reactive species,'" such as the hydroxyl radical which is also potentially hepatotoxic.
Previous attention has focused on intracellular sources of superoxide anion in alcoholic liver disease with xanthine oxidase the principal enzyme implicated. We have shown that superoxide can be released extracellulary by the stimulation of the neutrophil oxidase enzyme in response to acetaldehyde altered liver cell membranes. The extracellular release of oxygen derived free radicals by macrophages has previously been shown to promote hepatic injury which can be prevented by using scavengers of superoxide anion. 19 Increased hepatic lipid peroxidation2" and decreased hepatic glutathione concentrations2' in man, rat, and baboon in response to alcohol have been described. This implies increased superoxide production because singlet oxygen and hydroxyl radicals are scavenged by glutathione and oxygen derived free radicals cause the peroxidation of unsaturated lipids in cellular membranes.
A concentration of 1 mmol/l acetaldehyde was chosen as previous work has shown that the binding sites on hepatocyte plasma membranes are saturated at this concentration.7 This is higher than concentrations of acetaldehyde (20-100 iimol/l) reported in the systemic circulation of alcoholics,22 but the concentrations of acetaldehyde achieved in the liver during alcohol abuse are not known and may be considerably in excess of this because over 95% does not enter the blood stream. 23 Acetaldehyde alone caused no increase in neutrophil superoxide production. Therefore any effect because of pre-exposure must be as a result of membrane alterations caused by acetaldehyde. Acetaldehyde could react with the liver membrane proteins in two ways. First, it could be released extracellularly and then combine with the plasma membrane proteins in the outer aspect of the hepatocyte cell wall. Second, because the microsomal ethanol oxidising system assumes increasing importance in the metabolism of ethanol to acetaldehyde in those who abuse alcohol,24 acetaldehyde produced locally in the smooth endoplasmic reticulum could bind to membrane proteins being assembled for translocation to the cell surface for incorporation in the inner and outer aspects of the hepatocyte cell wall. This would be in keeping with current concepts of plasma membrane biogenesis.'
The covalent binding of acetaldehyde to the free amino groups of lysine residues in liver membrane proteins could result in alteration of the tertiary or quaternary structure of the proteins, thus making the liver membrane proteins more immunogenic.
The number of acetaldehyde adducts which become stable (reduced) spontaneously has been variously reported as between 25-80% of the total number of adducts (stable and unstable). ' It could be that the neutrophil recognises the surface charge effect induced by the formation of the acetaldehyde adducts with the loss of the positive charge normally bourne by the free amino groups of the lysine residues at physiological pH (so there will be a net excess of basic groups). Urate and hydroxyapatite crystals are felt to activate neutrophils through a surface charge effect. 2' Alternatively the binding of acetaldehyde to the free amino groups of lysine residues in liver membrane proteins through the loss of charge on these groups could result in profound changes in the tertiary or quarternary structure of these proteins and the conformational changes induced could unmask previously unrecognised receptors for neutrophil activation. This could be in an analogous fashion to the expression of neoantigens by the hepatocyte in response to ethanol which has recently been described where acetaldehyde appears to be responsible. ' This paper shows that once present within the liver, acetaldehyde altered hepatocyte membranes could stimulate the neutrophil to produce superoxide anion with hepatotoxic consequences. This is a potentially important mechanism of cellular injury in acute alcoholic hepatitis. 
